ABSTRACT: Prior exposure to music typically increases liking. This manifestation of implicit memory can be dissociated from explicit memory recognition. To examine the contribution of the medial temporal lobe to musical preference and recognition, we tested patients with either left (LTL) or right (RTL) temporal lobe lesions as well as normal control (NC) participants using the procedure of Peretz et al. The results in the affect task showed that NC and LTL participants preferred the studied over nonstudied melodies, thereby demonstrating an implicit exposure effect on liking judgments, whereas RTL patients failed to exhibit this effect. Explicit recognition was impaired in both LTL and RTL patients as compared to NC participants. On the basis of these findings, we suggest that RTL structures play a critical role in the formation of melody representations that support both priming and memory recognition, whereas LTL structures are more involved in the explicit retrieval of melodies. Furthermore, we were able to test an amnesic patient (PC) with bilateral lesions of the temporal lobe. In this case, the exposure effect on liking was also absent. However, repeated exposure to melodies was found to enhance both liking and recognition judgments. This remarkable sparing of memory observed through melody repetition suggests that extensive exposure may assist both implicit and explicit memory in the presence of global amnesia.
INTRODUCTION
Exposure to music may induce various behavioral changes. Thus, it can result in an increase of positive affect toward the presented music. This reliable effect has been observed by social psychologists for more than a century. By using Asian-like music, Meyer in 1903 3 demonstrated the effect of repeated exposure on affect ratings of music, revealing more positive ratings with increasing familiarity (see also Refs. 4 and 5 for consistent findings). Although considerable empirical data have been reported in the literature (see Ref. 6 for a review), this phenomenon remains poorly understood, and its cerebral substrate is still unknown.
In Zajonc, 7 the mere exposure effect refers to the positive effect of prior exposure on music liking. In the classical paradigm, exposure to unfamiliar material during the study phase is followed by a preference task in which studied and nonstudied stimuli are presented. Typically, participants prefer the studied over nonstudied stimuli, although they may not recognize the studied stimuli. Such dissociation between affect and recognition suggests that the two tasks tap different cognitive processes. Zajonc 7, 8 proposed that the mere exposure effect is an expression of a precognitive emotional system that is distinct from memory. However, this interpretation has been questioned by Mandler et al., 9 who demonstrated that the exposure effect is not limited to affect judgments but could also bias other types of nonemotional evaluation (e.g., brightness). This phenomenon may therefore result from perceptual fluency due to repetition. A previous exposure to a stimulus may facilitate its subsequent processing without awareness, as indicated by data obtained in various musical 1, 10 and nonmusical domains. [11] [12] [13] [14] [15] [16] 
MERE EXPOSURE EFFECT IN MUSIC
In music, the positive effect of prior exposure on liking is a robust finding that can be considered an implicit memory phenomenon, as suggested by Peretz, Gaudreau, and Bonnel. 1 In this study, the exposure effects to melodic excerpts on subsequent liking and recognition judgments were studied in a series of experiments. In each experiment, participants incidentally encoded 20 familiar and 20 unfamiliar musical excerpts in the study phase. They were required to judge the familiarity of each musical excerpt. They were subsequently presented with the same material, half of which corresponded to the stimuli that were presented before. In the affect task, the subjects were asked to rate their liking. In the recognition task, they had to rate their recognition. The results showed that familiarity produced memory effects in opposite directions from the affect and the recognition tasks. Memory effects were maximal on affect ratings for unfamiliar melodies, even after a single exposure, whereas recognition memory was better for familiar melodies. The authors also explored the longevity of these memory effects. By varying time delay between study and test, the data demonstrated that affect and recognition judgments decline differently over time. Finally, inducing subjects to attend to surface attributes or to structural features at encoding had little influence on the preference judgments, whereas it had a marked impact on recognition. All these findings provide support for the idea that exposure effects on liking and recognition judgments may reflect implicit and explicit memory mechanisms, respectively.
In a subsequent study, Gaudreau and Peretz 17 investigated the effect of aging on liking and recognition using the exact same paradigm. The results showed that exposure effects on liking did not differ between the old and young participants, the effect being relatively immune to aging. By contrast, the analysis revealed recognition difficulties in the elderly. These data support the notion that the aging process spares implicit memory but impairs explicit recognition, illustrating once more a dissociation between the two memory tasks in neurologically intact individuals. Consistent results were also reported by Halpern and O'Connor 18 in a task composed of a small set of short unfamiliar melodies presented twice. Both young and older adults exhibited exposure effects on liking, whereas recognition was impaired in the aged.
MERE EXPOSURE IN NEUROPSYCHOLOGY
Very few neuropsychological studies have investigated the effects of prior exposure on liking in music. 10, 18, 19 In 1985, Johnson, Kim, and Risse 10 used Asian music to examine patients suffering from severe explicit memory deficits. For this purpose, they tested amnesic patients with alcoholic Korsakoff syndrome as well as nonalcoholic control participants. In the study phase, subjects listened to six melodies played either 1, 5, or 10 times and tried to categorize each stimulus according to its style, for example, Chinese, American or neither. Following a 5-min retention interval, an equal number of old and new melodies was presented. Participants determined to what extent they liked each melody on a 5-point rating scale. Korsakoff patients as well as normal participants preferred studied over nonstudied musical excerpts, hence showing a robust effect of exposure on liking judgments. As expected, the patients presented a deficit in music recognition. Therefore, these patients demonstrated a memory-biased performance in liking with little recognition, revealing a dissociation between affect and recognition judgments in music.
Convergent results were obtained in Alzheimer disease patients in which explicit memory was also severely impaired. 19 In the latter study, a slightly different procedure was used (i.e., unfamiliar occidental instead of oriental music), and elderly depressed patients were also examined. Unlike Alzheimer patients, depressed patients were unable to develop a positive affective bias in liking judgments for previously heard melodies, although they were able to adequately recognize these melodies. This double dissociation provides further support to the notion that exposure effect on affect can be independent from exposure effect on recognition. However, the results obtained in Alzheimer disease patients were different in the Halpern and O'Connor's 18 study, which found that Alzheimer patients and their age-and education-matched controls had the same the level of recognition performance while only the patients failed to demonstrate an exposure effect on liking. It seems plausible that melodic excerpts presented twice in this latter study were not sufficiently repeated to enhance liking judgments.
MERE EXPOSURE IN PATIENTS WITH UNILATERAL TEMPORAL LOBE LESIONS
The goal of our study was to test the neuropsychological dissociation between liking and recognition judgments for melodies. To this aim, we tested patients with unilateral medial temporal lobe dysfunction with the paradigm designed by Peretz et al. 1 As previously described, this paradigm offers the opportunity to compare preference and recognition of familiar and unfamiliar melodic excerpts. The experimental paradigm consisted of an initial study phase in which 20 familiar and 20 unfamiliar excerpts were presented. The participants had to determine if the melody was familiar or not. Following a 5-min retention interval, 80 melodic excerpts, including the 40 studied melodies mixed with 40 nonstudied ones, were presented to the participants. The subject's task was to rate how much they liked each melody on a 10-point scale, in which 1 meant "I don't like it," and 10 "I like it a lot." Then, a second task, consisting of 80 melodic excerpts corresponding to the 40 studied stimuli mixed with 40 nonstudied (or new) ones, was presented. The subject's task was to decide whether they had heard the melodic excerpt before using a 10-point scale, in which 1 meant "No, I certainly did not hear this melody in the prior test" and 10 "Yes, I certainly heard it in the prior test." To control for individual differences in the use of response scales, each rating was converted to a z score using the subject's own mean and standard deviation for all the judgments obtained in the liking and the recognition tasks.
Thirty-seven patients with right (RTL = 19) or left (LRL = 18) medial temporal lobe lesions participated in this study. They were tested before or after a surgical treatment of medically intractable epilepsy at La Salpêtrière Hospital (Paris). A group of 16 normal control (NC) participants matched for age, sex, and education were also tested. Patients assessed before surgery presented medial temporal lobe epilepsy associated with lateralized hippocampal atrophy as identified by magnetic resonance imaging (MRI). Patients tested after surgery had undergone a medial temporal lobe resection, including the hippocampal structures and surrounding cortex, and in some patients the excision involved the temporal pole as well. None of the patients presented language disorders or suffered from extratemporal lesions. Language was lateralized in the left hemisphere for all subjects.
According to the literature, we hypothesized a dissociation between the memory effects on liking and recognition judgments in patients with unilateral temporal lobe lesions. Since these patients usually present explicit memory disorders, whereas implicit memory abilities remain relatively spared, 20, 21 we predicted a deficit in melody recognition but not in liking judgments. If memory effects on liking were perceptual, a deficit in the affect task was predicted in patients with right temporal lobe lesions, considering the predominant contribution of the right temporal lobe structures in melodic perception. [22] [23] [24] Finally, prior knowledge of the melodies was expected to facilitate the recognition of the studied items without increasing their relative preferences, whereas the opposite effect was predicted for unfamiliar melodies. That is, studied unfamiliar melodies should be preferred over nonstudied ones.
As can be seen in FIGURE 1, we found that the liking judgments of the NC, RTL, and LTL groups for the studied and the nonstudied musical excerpts differ [F (2.50) = 3.96; P < .05]. As predicted, the NC participants and the patients with LTL lesions preferred the studied over nonstudied material (P < .005), hence exhibiting a mere exposure effect of music on liking judgments. Interestingly, the patients with RTL lesions failed to demonstrate such an effect (P > .05). This lack of exposure effect on liking may indicate that implicit recovery of melodies depends on the integrity of right mesial temporal lobe structures.
In the recognition task, the 10 response categories were dichotomized in two classes. Each rating above 5 was considered an old tune response, and each rating below 6 was considered a new tune response. The individual recognition ratings were analyzed by computing proportions of correct old tune responses given to studied items (hit rates) minus the proportion of erroneous old tune responses in responses to nonstudied items (false-alarm rates). The results revealed a significant effect of group [F (2.50) = 3.35; P < .05] and of familiarity [F (1.50) = 6.70; P = .01] on the proportion of hit minus false alarms, although we found no interaction between the two factors [F (2.50) = 0.22; ns]. Patients with both RTL and LTL lesions were impaired in melody recognition as compared to NC participants. Thus, both the right and left mesial temporal lobe structures seem involved in explicit retrieval of melodies, as observed in prior studies. 23, 25, 26 Our results also show that familiar melodies are better recognized than unfamiliar ones. Preexisting material is retained better than novel material, which is in agreement with previously published results obtained in musical [27] [28] [29] and visual domains. 30, 31 Finally, the lack of correlation between liking and recognition judgments suggests that performance on the implicit task was not accounted for by performance on the explicit task.
Altogether, the results are consistent with the existence of different processes for liking and recognition judgments. Although the affect and the recognition tests employed the same study and test materials, hence providing the same external cues to FIGURE 1. Mean z score transform data of the subjects' ratings in the affect task obtained by the three groups of participants (NC, normal control patients; LTL, left temporal lobe patients; RTL, right temporal lobe patients) for the studied and nonstudied musical excerpts. The bars correspond to the standard error of the mean. subjects in both tasks, the manipulation of instructions at the test affected the performance of patients differently with RTL and LTL lesions. Implicit retrieval of melodies can still be preserved despite disrupted explicit retrieval abilities in patients with LTL lesions, whereas both implicit and explicit tasks were impaired in patients with RTL patients.
MERE EXPOSURE EFFECT IN AMNESIA
To further explore the mere exposure effects on liking and recognition in a neuropsychological setting, we tested an amnesic patient with bilateral lesions of the mesial temporal lobes structures. We then pursued the investigation by using another procedure, as did Johnson and collaborators, 10 to allow comparison with the literature.
Case Description
PC is a 43-year-old right-handed man with 7 years of education who suffered from an amnesic syndrome caused by a streptococcus pneumoniae meningitis. He was tested 4 months after the onset of the amnesic syndrome in La Salpêtrière Hospital. The MRI taken at the time of testing revealed a bilateral atrophy of the temporal poles along the anterior part of the first and second temporal gyri, as well as a symmetrical amygdala and hippocampal atrophy involving mainly the head of both hippocampi. A summary of PC's neuropsychological functioning is presented in TABLE 1. Although his full-scale IQ was relatively low, his logical reasoning and executive functions were good in relation to his low level of education. The overall results generally indicate that cognitive function outside the domain of episodic memory was largely, although not completely, preserved. More specifically, PC presented with anterograde amnesia, as illustrated by the very low scores obtained in most learning tasks, and suffered from retrograde amnesia limited to the last couple of years.
Mere Exposure Effect in PC
Since we obtained a deficit in both liking and recognition judgments in patients with RTL lesions, we predicted a similar but more drastic dysfunction in PC. It is important to mention that PC was able to recognize familiar melodies with 90% accuracy (NC = 92%) in the study phase of the test. This result attests to PC's familiarity with the musical material and to preserved perceptual abilities. Yet, PC did not exhibit a mere exposure effect on liking judgments. His rating of studied (z score transform = −0.11) and nonstudied (z score transform = −0.20) unfamiliar melodies did not differ (nonparametric sign test: z = 0.63, n.s.). Similar results were obtained with the familiar melodies (with z score transform = 0.86 and 0.75 for the studied and nonstudied melodies; nonparametric sign test: z = 0.90, n.s.). In general, PC preferred the familiar (z score transform = 0.81) over the unfamiliar melodies (z score transform = −0.16; nonparametric sign test z = 3.80; P < .005). Thus, PC failed to exhibit an exposure effect on liking judgments but displayed the general tendency to prefer the highly familiar melodies over the unfamiliar ones, as reported in normal participants. 1 In the recognition test, PC produced two different profiles of responses for familiar and unfamiliar musical excerpts. PC recognized the familiar excerpts very poorly (proportion of hit minus false alarm = 0.00), unlike control participants (mean = 0.50; s.d = 0.18), responding that all familiar melodies had been presented earlier. This difficulty to differentiate the studied from the nonstudied items seems to result from a confusion between preexisting and intraexperimental familiarity of the items. Such a difficulty in distinguishing the sources of global familiarity in melody recognition confirms and extends previous findings reported in Alzheimer patients. 27 Conversely, and surprisingly, recognition of unfamiliar melodies was relatively spared in PC (proportion of hit minus false alarm = 0.35), as compared to normal control values (mean = 0.43; SD = 0.26). This result is highly unexpected, given PC's global amnesia syndrome.
PC's dissociation between impaired implicit and spared explicit memory for unfamiliar melodies resembles the pattern of results observed in elderly depressed patients. 19 However, in that study, a different procedure involving repeated exposure of few unfamiliar items was used.
In order to further document this unusual pattern, we subsequently tested PC with the same procedure as the one used with depressed patients. In that particular procedure, 19 only six unfamiliar melodies were presented, two being played one time, two being played five times, and the other two being played ten times. This study phase was followed by two separate tests using different sets of 12 melodic excerpts for the affect and recognition judgments, respectively. With this procedure, PC exhibited a mere exposure effect, with liking ratings being higher for the studied (z score transform = 0.64) than for the nonstudied (z score = −0.06) melodies. This effect was already present after a single exposure (z score = 0.53) and was larger after five (z score = 0.88) and ten (z score = 0.53) exposures. The obtainment of implicit memory effects in PC with this procedure, employing few repeated melodies, suggests that interference resulting from a large number of melodies (40 items), of varying level of familiarity, may have contributed to the lack of exposure effect observed with the previous procedure. 1 However, it remains difficult to understand why such manipulations have affected implicit rather than explicit memory.
Another remarkable finding of this study is that PC, who suffers from severe amnesia, exhibits spared recognition, with a proportion of hit minus false responses of 0.50. Thus, formation of new representations that support explicit recognition seems possible in PC. It remains to be determined to what extend this remarkable sparing is related to the use of musical material.
CONCLUSION
The results obtained in patients with unilateral temporal lobe lesions in the affect task showed that NC and LTL participants preferred the studied over nonstudied melodies, thereby demonstrating an implicit exposure effect on liking judgments, whereas RTL patients failed to exhibit this effect. Explicit recognition was impaired in both LTL and RTL patients, as compared to NC participants. On the basis of these findings, we suggest that RTL structures play a critical role in the formation of melody representations that support both priming and memory recognition, whereas LTL structures are more involved in the explicit retrieval of melodies. The evaluation of an amnesic patient (PC) with bilateral lesions of the temporal lobe provided additional results. Using the same procedure, we found that the exposure effect on liking was also absent, whereas recognition of unfamiliar melodies was preserved. However, repeated exposure of melodies was found to enhance both liking and recognition judgments in a subsequent study. This remarkable sparing of memory observed through melody repetition suggests that extensive exposure of study items in the context of little interfering material may assist both implicit and explicit memory in the presence of global amnesia, emphasizing an idea already proposed by Tulving and his collaborators. 2, 32 This finding as well as previous data published in the literature may indicate that exposure effect on liking depends not only on the etiology of the brain anomaly but also on the conditions under which this effect occurs. The frequency of exposure and the interference resulting from other study items and preexisting familiarity of the melodies should be independently manipulated in future neuropsychological studies in order to better understand the nature of the memory representations tapped by preference tasks.
